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DISK MOTOR WITH BEARING PRESTRESSING FEATURE 



Description: 



/ 

'^JiThe invention relates to a disk motor with an armature disk (3), which is 



rotatably molnted and provided with permanent magnets, and with a stator 
comprising afs^or plate which is equipped with coils. 

Sucljfdisk motors are used as direct drives for turntables, for example. A 
basic explanation of disk motors can be found in H.-D. Stolting, A. Beisse, 
Elektriscffe Kleinmaschinen , Verlag Teubner, 1987, p. 169ff and p. 186ff. 



>DE 34 2$ 805 A1 discloses a DC motor realized as a disk motor to rotate a 
mirror. The stltor comprises a coil-insulating frame and a stator flange connected 
thereto, which flange completely encloses the rotor and protects it from external 
influences. The rotor has a shaft which is attached to the mirror and which has on 
its lower end a magnet holder equipped with a two-pole permanent magnet. The 
rotor shaftf!§ p^unted in two ball bearings secured in the stator flange. To minimize 
axial playftl^^outer rings of the ball bearing must be prestressed against the 
associated inner rings. To achieve this, the citation teaches that the stator flange 
fixes both outer rings, which are arranged one above the other, whereas the 
associated inner rings are stressed in the opposite direction by the dimensions of 
the rotor. The disadvantage of this arrangement, however, is that there are two ball 
bearings arranged one above the other and separated by some distance. A single 
bearing is desirable to reduce the overall height. 
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To achieve high torques, disk motors are usually equipped with a soft- 
magnetic flux-return element, i.e. a closed magnetic circuit to increase the flux 
density in the air gap. The magnetic lines of electric flux are guided through 
ferromagnetic material with only small air gaps between the individual components. 
As explained in Stolting/Beisse, for example, this is realized by providing the 
circumference of the armature disk with an annular skirt, attached to which skirt is 
an annular flux-return element with which the flat coils of the stator are supported 
from underneath. The magnetic lines of electric flux run outward from the 
permanent magnets through the armature disk, down through the annular skirt and 
back to the permanent magnet through the annular flux-return element and the 
active region of the coil (cf. Stolting/Beisse, p. 186). 

A disk^hotor of similar design is disclosed in German utility model DE-GM-75 
419 11. Tip armature disk has at its center a bell-shaped spacer to which the 
annular flt^c-return element is fastened. The rotor housing is equipped with a 
bearing tiijie in which two porous bearings and an intermediary felt ring for the 
storagfB^bW are arranged for the radial bearing of the rotor shaft. For axial bearing, 
the housing has a floor plate with a tube-like extension, on the lower edge of which 
is attached a supporting member for a thrust bearing for the rotor shaft. The 
bottqm end face of the rotor shaft is crowned and rests on the thrust bearing. The 

overall height of this motor is significantly greater that that of the motor disclosed 

if 

in DE 34 25 805 A1 because it has a total of three bearings. 

/ 
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Another variant of a disk motor with two ball bearings and a magnetic 
annular flux-return element is disclosed in DE 35 28 303 A1, which strives for a 
low overall height. The armature disk has a tube-like hub in which two ball bearings 
are arranged. The ball bearings are fixed at a defined distance to one another on a 
shaft stub attached to the stator plate. The function of the annular flux-return 
element is served by the stator plate, which must be manufactured of a suitable 
ferromagnetic material. 

This disk motor has the following disadvantages: first there are two ball 
bearings with the associated additional assembly/installation costs; and second, the 
flux-return circuit does not run exclusively through the active region of the coils and 
thus does not contribute wholly to the generation of torque. Because the entire 
stator plate is involved in magnetic flux return, significant eddy currents are created 
which have a braking effect on the armature disk. Furthermore, attractive force is 
exerted on the armature disk in both the skirt region and the hub region, thus very 
large forces are exerted on the armature disk and in turn the bearings; significant 
bearing loads can result which under certain circumstances can lead to premature 
bearing failure. In addition, the entire bearing plate must be manufactured of 
ferromagnetic material and be of the same diameter as the armature disk. The 
motor is heavy as a result. 

The object of the current invention is to provide a disk motor that is 
characterized by a flat design, good smoothness of running and high torque. 

To achieve this object, the current invention teaches that an annular soft- 
magnetic prestressing device is arranged 
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concentrically on the stator plate in such a manner that at least one section of the 
prestressing device is located below the coil window of the coils in the axial 
direction. 

The advantage of the current invention lies in the fact that the magnetic 
prestressing eliminates the axial play of the armature disk bearing, so that an 
appropriate smoothness of running can also be achieved using only a single bearing, 
e.g. a ball bearing or a plain bearing. If a single bearing is sufficient, overall height is 
significantly reduced, yet there is still enough space for the bearing that 
commercially available ball bearings can be used. 

If the disk motor is realized as a micromotor, commercially available bearings 
are understood to be those having an overall height of 1 mm or more. The 
advantage of commercially available bearings is that overall manufacturing costs are 
lower than if two custom bearings with extremely low overall heights must be 
used. The magnetic prestressing as taught by the current invention thus permits 
optimization of running characteristics with a lower overall height. 

It has been demonstrated that providing the stator plate with a closed ring, 
or at least a ring segment, of a soft-magnetic, in particular a ferromagnetic, material 
is sufficient for the magnetic prestressing. The magnitude of the magnetic 
prestressing can be set via the width of the prestressing ring or ring segment with 
no change in the overall height, thus enabling adaptation to the geometry of the 
armature disk and the bearing used. This avoids unnecessarily large bearing loads, 
and thus can significantly extend the service life of the motor. 

It is preferred that the radial width of the prestressing device be < the 
corresponding width of the coil window. 

By arranging at least one section of the prestressing device below the coil 
window of the coils in the axial direction, whereby the inner regions of the coil 
where the magnetic lines of electric flux run parallel to the coil axis are understood, 
the magnetic prestressing circuit also contributes to the generation of torque. 
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It is advantageous if the prestressing device includes a material with high 
ohmic resistance to prevent eddy currents. 

Because the prestressing device is arranged on the stator plate, in particular 
on the top of the stator plate, there is no housing between the prestressing device 
and the coil window to adversely affect the magnetic field. The advantage of this is 
that the stator material can be freely chosen. 

As taught by another embodiment, the armature disk can support an annular 
flux-return element which extends below the coils. In this case, the prestressing 
device is arranged as to be opposite the annular flux-return element in the radial 
direction. By locating the prestressing device below the coil window, the 
prestressing device becomes an element of the magnetic flux return and thus all of 
the magnetic lines of electric flux are used wholly for the generation of torque. 

It is also advantageous that the prestressing device has a contour that guides 
the magnetic lines of electric flux from the annular flux-return element to the coil 
window. 

The prestressing device preferably becomes wider in the direction of the coil 
window. A stepped cross-sectional contour, for example, is advantageous as it also 
permits a gearing with the stator plate. 
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A further advantage is that the material for the stator plate can be freely 
chosen because it does not have to be involved in magnetic flux return. Lightweight 
materials can therefore be used to reduce the weight of the motor. 

The stator plate is preferably of a non-magnetic, preferably diamagnetic, 
material. This also applies to the armature disk bearing. This prevents the lines of 
electric flux from running over the bearing, which would adversely affect running 
smoothness. Here a non-magnetic material is understood as one that is neither a 
soft nor hard-magnetic material. 

The stator plate must only be designed such that the prestressing ring can be 
securely held, for example. This also contributes to a compact design. 

One embodiment of the current invention is described in greater detail below 
with reference to the attached drawings. 



^Figure 1 
Figure 2 



sho\^/s a vertical section through a disk motor. 



shows a vertical section through a disk motor as realized in another 




embodiment. 



Figure 3 



^ 4||pws an enlargement of the left portion of a sectional view of an 
embodiment modified from that shown in Figure 2 to illustrate the 



Figure 4 
Figures 5 



magnetic circuits. 

shows a top view of the coil arrangement shown schematically and 



13 



show the assembly of the disk motor shown in Figure 2. 
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a shaft 1 , w^dh^s inserted into an armature disk 3 and attached by its collar 2 to 
the armature $fsk 3. An annular permanent magnet 6 comprising permanent 
magnets#toith reversible polarity is located on the underside of the armature disk 3. 

The stator comprises a stator plate 10 to which the outer ring 1 5 of a 
commercially available ball bearing 14 is fastened. The inner ring 16 of the ball 
bearing 14 rests against the shaft 1 . Flat coils 17a and 17b are fastened to the top 
1 2 of the stator plate 10, with the arrangement of the coils 17a and 17b such that 
the coil windows 1 8a, b formed by the interior space within the coil windings, are 
located below the annular permanent magnet 6. The flat coils 17a,b and the stator 
plate 10 can also be integrated into a monobody component. 

A prestressing device 20 in the form of a prestressing ring 21 is inset into 
the stator plate 10. The arrangement of the prestressing ring 21 is chosen such 
that it extends below the coil windows 18a, 18b of the coils 17a, 17b in the axial 
direction by some amount < the size of the coil window. As a result, the 
prestressing ring 21 / magnetic lines of electric flux contribute to the generation of 
torque. 

The overall height of the disk motor is low and primarily defined by the 
height of the ball bearing 14. 

Figure 2 shows a disk motor with flux return. An annular skirt 4 extending 
downward and supporting an annular flux-return element 5 is fastened to the 
circumference of the armature disk 3. The stator plate 10 has a central bore 13 
which seats the ball bearing 14, whereby the outer ring 15 is immovably held in the 
bore 13. Flat coils 17 a and d, which extend into the space 
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between the annular flux-return element 5 and the armature disk 3, are fastened to 
the top 12 of the stator plate 10. The coil arrangement shown in Figure 2 with flat 
coils 17a and d and the associated coil windows 18a and d corresponds to a 
section along the line ll-ll through the coil arrangement shown schematically in 
Figure 4. The stator plate 10 has at its outer edge an annular step 1 1 in which the 
prestressing ring of ferromagnetic material is fastened. The arrangement of the 
prestressing ring 21 is chosen such that it is opposite the annular flux-return 
element 5 in the radial direction. Because the stator plate 10 is not involved in 
magnetic flux return, the diameter of the stator plate 10 is only as large as the 
outside diameter of the prestressing ring. The material for the stator plate 10 can 
be chosen freely. 

Figure 3 shows an enlargement of a vertical section through an embodiment 
of a disk motor that has been modified from that shown in Figure 2. The magnetic 
flux return is shown schematically as the closed circuit 23 ("main circuit") indicated 
by the arrows and the prestressing circuit 22 indicated by the broken line. The main 
circuit 23 runs through the armature disk 3, the annular skirt 4, the annular flux- 
return element 5 and the coil window 1 8a of the coil 1 7a. 

Because of the arrangement of the prestressing ring 21 as taught by the 
current invention, the magnetic lines of electric flux of the prestressing circuit 22 
also run through the coil window 18a, so that this magnetic prestressing circuit 22 
contributes to the generation of torque. Furthermore, because the prestressing 
circuit 22 is arranged as taught by the current invention as part of the magnetic 
flux return, the magnetic prestress can be set independent of the magnetic flux 
return and independent of the total torque of the disk motor by varying the width of 
the prestressing ring 21 in the coil window 18a. The cross-sectional contour of the 
prestressing ring 21 is designed to redirect the 
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magnetic lines of electric flux to the coil window 18a, and therefore has a step 24. 
As a result, the prestressing ring 21 becomes wider in the direction of the coil 
window 18a, while at the same time forming a gearing for a better hold on the 
stator plate 10. 

The magnetic prestressing causes the armature disk 3 to be attracted toward 
the stator plate 10, pulling the inner ring 16 of the ball bearing 14 downward. 
Because the outer ring 1 5 is immovably held in the stator plate 10, any axial play of 
the ball bearing 14 is eliminated. 

Embodiment 

The embodiment relates to a design as shown schematically in Figures 2 and 
3, The disk motor has an outside diameter of 1 2.8 mm and is 1 .4 mm high. 

The motor has a torque constant of 0.40 //Nm/Ma. The motor can easily be 
used for rotational speeds of up to 20,000 rpm while exhibiting good running 
characteristics. 

Due to the design, the ball bearing is not influenced by the magnetic field. 
An attractive force in the Mn range is exerted by the magnetic prestressing. 

The annular permanent magnet is manufactured by means of micro injection 
molding or sizing of an NdFeB powder containing a plastic as binder. 
The annular magnet is approximately 300 /jvn thick. 

The annular magnet is axially magnetized such that it has eight poles (four pole 
pairs) on the end face. 
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Miniaturized flat coils are manufactured by means of UV-deep lithography 
and subsequent galvanic precipitation. 

The flat coils comprise two superimposed printed conductors separated by a 
polyimide film as a carrier. There are six coils, with the opposing coil pairs 
connected in series. 

The flat coils are approximately 250 //m high. 

Alternatively, the coils can be manufactured as multi-layer printed circuit 
boards (PCB) using micro precision laser technology. 

The air gap between the coils and the rotating motor components is only 
approximately 80°//m. 

Control is by means of a three-phase rectangular pulse signal, which in 
another embodiment is generated by a digital control unit integrated into a board 
bearing the disk motor. 

FeSi is used as the soft-magnetic material for individual components such as 
the armature disk and annular flux-return element. Inexpensive mass production, 
such as by means of stamping and deep drawing, is made possible by the design of 
the components. The individual components are assembled together on an 
assembly platform, whereby only linear movements are made in only one assembly 
direction. 

Figure 4 shows the design of the flat coils 17a-f. The coils 1 7a-f comprise 
superimposed films 26 with printed conductors, whereby the printed conductors of 
the individual films are connected to one another by the contact points 19, of 
which only two are identified. Radially opposed coils are connected in series to 
achieve a three-phase motor configuration. 
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Figures 5-13 show one assembly option for the disk motor shown in Figure 
2, whereby the "a" figure shows the condition before and the "b" figure shows the 
condition after installing an additional component. 

Assembly requires a mounting plate into which the individual components are 
inserted. Figure 5a shows the annular flux-return element 5 being inserted into the 
mounting plate 25. This is followed by the stator plate 10 (Figures 6a and b) and 
the setting of the prestressing ring 21 in the stator plate 10 (Figures 7a, b). In the 
next step (Figures 8a and b), the coils 1 7a-f are installed. The coils 17a-f are then 
mechanically and electrically connected to the contact pins 29a, b in the stator plate 
10, which pins 29a, b lead to the outside. 

The ball bearing 14 is then friction set (Figures 9a and 9b). In a further step, 
the shaft 1 is installed (Figures 10a and 10b) and the armature disk 3 with the 
annular permanent magnet 6 is placed on the shaft (Figures 11a and b). 

Figures 12a and 12b show the friction setting of the armature disk 3 using a 
force die 27. The last step is the riveting of the armature disk using a riveting die 
28 (Figures 13a and 13b). 
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